INTRODUCTION {#sec1-1}
============

Incomplete removal of root canal sealers from the pulp chamber on completion of root canal treatment has been attributed to be one of the major causes of single tooth discoloration.\[[@ref1]\] The chromophores resulting from the disintegration of root canal sealer remnants penetrate through the dentinal tubules into the coronal tooth structure gradually causing progressive discoloration. In the past, several *in vitro* studies\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] have evaluated the coronal discoloration caused by various endodontics sealers.

The risk of discoloration caused by root canal sealer remnants in the pulp chamber can be reduced either by its complete removal or by sealing the dentinal tubules thereby preventing its percolation. Various methods have been tested to remove the root canal sealer remnants from the pulp chamber; orange solvent, chloroform and xylene on a cotton pellet,\[[@ref8]\] solvents like formamide, 2-phenylethanol (Endosolv R) and 95% ethanol,\[[@ref9]\] isopropyl alcohol, 95% ethanol, acetone and amyl acetate solution\[[@ref10]\] and dry cotton, chloroform, orange oil, eucalyptol, and ethanol.\[[@ref11]\] In routine endodontic practice, root canal sealer remnants are removed from the walls of the pulp chamber by rinsing with water and drying with a dry cotton pellet. However, complete removal of the root canal sealer remnants from the pulp chamber is often strenuous clinically ^[@ref2],^ and sometimes remnants are present due to iatrogenic inadequate manipulations.\[[@ref4]\] The difficulty in removing the remnants using water or other solvents is attributed to the low solubility of root canal sealers in water and ethanol which might preclude their complete elimination from the pulp chamber.\[[@ref12]\]

Based on the findings of Akbari *et al*. and Shokouhinejad *et al*., dentin bonding agent (DBA) applied to the dentinal walls of the access cavity can effectively seal the dentinal tubules and decrease the coronal discoloration caused by various endodontic cements.\[[@ref13][@ref14]\] However, no *in vitro* study has evaluated the efficacy of DBA in preventing coronal discoloration caused by root canal sealer remnants, when applied to the dentinal walls of the pulp chamber before obturation.

Aim of the study {#sec2-1}
----------------

The aim of this *in vitro* study was to evaluate the efficacy of DBA in preventing coronal discoloration caused by four different root canal sealers- MTA Fillapex, Sealapex, Zical and Z. O. B seal at different time intervals by measuring chromatic alterations using digital images analysis method.

METHODOLOGY {#sec1-2}
===========

Tooth preparation {#sec2-2}
-----------------

Ethics registration ID: SEGiEC/SR/FOD/2017-18/10.

With the power of study fixed as 80% and the level of significance set at *P* \< 0.05, the required sample size was determined as ninety for nine groups. Human mandibular premolars which were extracted for orthodontic reasons from patients aging 20--30 years were collected, disinfected and stored in saline solution. The teeth were then sectioned in the coronal third of the root about 1 mm below the cementoenamel junction. The apical segments were discarded, and the coronal tooth structure was evaluated carefully and was screened based on the following inclusion and exclusion criteria.

Inclusion criteria {#sec2-3}
------------------

Sound coronal tooth structure andMiddle-third of the buccal surface of the crown corresponding to A3 shade in a commercial shade guide VITAPAN ^®^ classical shade guide (VITA Zahnfabrik H. Rauter GmbH and Co., KG, Bad Sackingen, Germany) using visual analysis method performed by the same operator.

Exclusion criteria {#sec2-4}
------------------

Intrinsic or extrinsic discolorationsCracksFracture linesCariesDevelopmental anomalies andExisting restorations.

For standardization purpose, a No. 245 carbide bur was used to prepare the pulp chambers to a depth of 3 mm, the width of 0.8 mm and the length of 3 mm through cervical access. The internal walls of the pulp chamber were debrided gently with H Files No. 60--80. After final irrigation with 2.5% sodium hypochlorite and 17% ethylenediaminetetraacetic acid, the pulp chambers were dried with a sterile cotton pellet.

Experimental setup {#sec2-5}
------------------

The specimen were randomized into the following nine groups using simple random numbers generator\[[@ref15]\] and were assigned into sequentially numbered airtight containers by a researcher who was blinded to the specific treatment planned for each group.

Group 1-MTA Fillapex (Angelus, Londrina, PR, Brazil)Group 2-Sealapex (SybronEndo, Glendora, CA, USA)Group 3-Zical (Prevest DenPro, Jammu, India)Group 4-- Z. O. B seal (Meta-Biomed, Cheongju, Korea)Group 5-DBA followed by MTA FillapexGroup 6-DBA followed by SealapexGroup 7-DBA followed by ZicalGroup 8-DBA followed by Z. O. B sealGroup 9--negative control group (neither sealer nor DBA).

In Groups 1--4, equal quantity of a thin layer of respective root canal sealers according to their specific groups was applied to the walls of the pulp chamber in all the samples using a No. 45 spreader by the same researcher who was blinded to the type of sealer being applied. In Groups 5--8, the walls of the pulp chamber were etched using 37% phosphoric acid gel, Super Etch (SDI Ltd., Bayswater, Victoria, Australia). A single layer of Adper Single Bond 2 (3M/ESPE, St. Paul, MN, USA), a total etch visible-light activated dental bonding agent was then applied according to the manufacturer\'s instructions prior to the respective root canal sealer application by following the same protocol used for the Groups 1--4. A sterile small cotton pellet was placed in the chamber, and the cervical access in all specimens was sealed using glass ionomer cement (GC FUJI IX GP, GC Corporation, Tokyo, Japan). The specimen were all labeled and stored in saline in separate airtight containers. Digital images were recorded during the following time intervals: preprocedural (tb), postprocedural (t0), after 1 month (t1), 2 months (t2), 3 months (t3), and 4 months (t4). The representative images showing digital images taken during preprocedural (tb), postprocedural (t0), after 1 month (t1) and 4 months (t4) are depicted in [Figure 1](#F1){ref-type="fig"}.

![(a) Preprocedural digital image of a specimen. (b) Postprocedural digital image of a specimen. (c) Digital image taken at 1-month interval. (d) Digital image taken at 4-month interval](JCD-21-562-g001){#F1}

Method of shade assessment {#sec2-6}
--------------------------

For reproducible color assessment, a circle of diameter 3 mm was drawn on the middle third of the buccal surface of the crown using waterproof ink. All the digital photographs were recorded under standard desiccation and lighting conditions by the same operator who was blinded to the group to which the specimen belonged. A PhotoBox (SSL 100-- Photo studio in a box, Inspiron) was used to standardize the lighting conditions. Images were captured using a high-resolution digital camera (Canon EOS 450D, 12.2 MP; Canon Inc., Tokyo, Japan) kept at a standard distance of 25 mm from the object in RAW file format with a 100-mm macrolens (Canon EF 100mm F2.8 macro USM) under standardized conditions (exposure: 1/200 s, Aperture: F/22; white balance flash: 5500 Ko).\[[@ref16][@ref17]\] Images were imported into Adobe Photoshop CS6 for shade analysis within the CIE L\*a\*b\* color space. Color measurements were performed thrice inside the marked circle, and the mean value was calculated and recorded. Digital photographs and color measurements were taken under standard conditions at the following different time intervals: Tb-preprocedural, t0-postprocedural, t1-after 1 month, t2-2 months, t3-3 months and t4-4 months. The color change (Delta E) between the baseline (tb) and other time intervals t0, t1, t2, t3, and t4 were calculated using the following formula and Delta Eb, Delta E1, Delta E2, Delta E3 and Delta E4 were obtained.

Delta E\*~ab~= (\[L\*~a~ - L\*~b~\]^2^+ \[A\*~a~ - A\*~b~\]^2^+ \[B\*~a~ - B\*~b~\]^2^)^1/2^, in which L\* indicates the value of lightness-darkness, a\* indicates greenness-redness, and b\* indicates blueness-yellowness. The difference between two colors in an L\*a\*b\* color space is measured in terms of Delta E.

RESULTS {#sec1-3}
=======

Statistical analysis was done using Repeated measures ANOVA (mixed model) followed by *post hoc* Tukey\'s test. The mean Delta E values for different groups at different time intervals are illustrated in Line Graph \[[Figure 2](#F2){ref-type="fig"}\]. Mauchly\'s Test of Sphericity \[[Table 1](#T1){ref-type="table"}\] indicated that the assumption of sphericity had been violated, χ^2^ (9) =17.64, *P* = 0.040 and therefore, a Greenhouse-Geisser correction was used. A repeated measure ANOVA determined the difference in mean Delta E values differed statistically significant between assessment stages (preprocedural, postprocedural, after 1 month, 2 months, 3 months, and 4 months) (F (3.609, 292.303) =1291.074, *P* \< 0.0001) and is illustrated in [Table 2](#T2){ref-type="table"}. This also shows that an overall significant difference in means exists, but to know which specific means differed, a *post hoc* test was required. Results based on *post hoc* Tukey\'s multiple comparisons between groups are concised and are depicted in [Table 3](#T3){ref-type="table"} which shows that the groups with DBA application (Groups 5--8) had significantly lower mean Delta E values (*P* \< 0.05) compared to the groups without DBA application (Groups 1--4). There was a statistically significant difference in mean Delta E values between the Groups without DBA application, and the results can be summarized as discoloration potential of Z. O. B seal \> Zical \> MTA Fillapex \> Sealapex. However, there was no statistically significant difference in the mean Delta E values within the DBA groups.\[[@ref5][@ref6][@ref7][@ref8]\] Out of all the groups, the negative control group had the least mean Delta E value and the difference when compared to all the other groups was statistically significant.

![Line chart showing degree of coronal discoloration over different period of time](JCD-21-562-g002){#F2}

###### 

Mauchlyߣs test of sphericity

![](JCD-21-562-g003)

###### 

Tests of within-subjects effects

![](JCD-21-562-g004)

###### 

*Post hoc* Tukeyߣs-multiple comparisons

![](JCD-21-562-g005)

DISCUSSION {#sec1-4}
==========

All root canal sealers can potentially stain tooth structure to varying degrees. This study aimed to assess the role of DBA in sealing the dentinal walls of the pulp chamber and thereby prevent coronal discoloration caused by root canal sealer remnants using digital images analysis method.

The results of this study do not directly represent the *in vivo* tooth discoloration potential of root canal sealers in good clinical practice, because this *in vitro* investigation of the discoloration potential is based on the generation of a "worst case scenario" by leaving a significant even amount of sealer in direct contact with the axial dentinal walls of the pulp chamber.\[[@ref4]\] Like almost all the previous studies evaluating tooth discoloration caused by root canal sealers, this study also uses cervical access to deliver the sealer into the pulp chamber instead of coronal access\[[@ref2][@ref4][@ref5]\] to standardize and use all the five dentinal walls, the buccal, lingual, mesial, distal including the roof of the pulp chamber. Similar to the previous research measuring discoloration induced by root canal sealers,\[[@ref1][@ref3][@ref5][@ref18]\] premolars crowns were used in the present study because of their voluminous pulp chambers compared to anterior teeth that allow bulk placement of sealers.\[[@ref5]\] Moreover, in this study, preparation of the walls of the pulp chamber to standard dimensions was done through cervical access to standardize the volume of the sealer applied. This is clinically relevant because ideally during access cavity preparation, the dentinal walls of the pulp chamber are mechanically prepared and therefore this simulates the clinical conditions closely. Although these premolar teeth are not representative of the anterior esthetic zone, the choice of the specific sample was correct, since the initial color of samples in all the groups were standardized.

Various methods that have been implemented in the literature to measure root canal sealer induced color changes include visual technique, spectrophotometric evaluations, calorimeters and digital images analysis method. However, the spectrophotometric analysis remains the gold standard for color measurements, certain studies measuring coronal discoloration have used the digital images analysis method.\[[@ref2][@ref3][@ref19][@ref20]\] Cal *et al*. and Anand *et al*. compared digital and spectrophotometric methods for shade selection and concluded that they are reliable as the values obtained with the digital method correlated with those obtained using spectrophotometer.\[[@ref21][@ref22]\] The advantages of digital images analysis method as compared to spectrophotometers or colorimeters is that it is cost effective, time-saving and convenient.\[[@ref23]\] The challenges faced while using digital images analysis method include the need to use a DSLR camera, developing a familiarity with the digital photo imaging software and maintaining a standard distance from the object, lighting, and environmental conditions.

Factors that affect discoloration potential of root canal sealers include: (1) composition of individual root canal sealer, (2) quantity of sealer remnant in the pulp chamber, (3) composition of the tooth structure, (4) amount of remaining dentin thickness, (5) permeability of dentinal tubules, (6) translucency of enamel, and (7) inherent anatomy of the pulp chamber, presence of pulp horn crevices which might encourage sealer retention in the chamber.

From the results of the present study based on the Multiple comparisons between the groups as depicted in [Table 3](#T3){ref-type="table"}, it can be inferred that the groups with DBA application (Groups 5--8) had significantly lower mean Delta E values compared to the groups without DBA application (Groups 1--4). Therefore, an additional step of applying DBA protects the surface of dentinal walls by sealing the dentinal tubules and may reduce the interaction of sealers with the pulp chamber walls during the obturation procedure and thereby may reduce discoloration. Another finding in this study is that DBA could not prevent coronal discoloration completely, but it could effectively reduce the risk of coronal discoloration caused by root canal sealer remnants and lower the mean Delta E values to an average range 1--2, above which the color difference is considered clinically perceptible for *in vitro* studies.\[[@ref16]\] However, the reason why DBA could not prevent discoloration completely is not known. This finding is consistent with the previous research done by Shokouhinejad *et al*. and Kim *et al*., who evaluated the efficacy of DBA in preventing coronal discoloration caused by triple antibiotic paste.\[[@ref14][@ref24]\] The bonding agent used in this research is Adper single bond 2, which is a total-etch adhesive system. Unlike self-etch adhesives, bond strength or microleakage evaluations of total-etch adhesives when used in multiple layers have not been substantiated in the literature. Therefore, a single coat was applied according to the manufacturer\'s instructions. The probable reason why DBA could not prevent the discoloration completely could be attributed to the single layer application of DBA used in the present study. Therefore, future research to test the potential of multiple layers of DBA to prevent sealer induced coronal discoloration completely is implied.

In the present study, multiple comparisons within the DBA groups \[[Table 3](#T3){ref-type="table"}\] shows that there was no statistically significant difference in mean Delta E values within the groups where DBA application was done prior to sealer application. This shows that DBA application may effectively reduce the discoloration rate irrespective of the type of sealer which can contaminate the pulp chamber.

Application of DBA prior to obturation can effectively serve the following purposes: (1) prevents contamination of the dentinal walls of the chamber by sealer remnants thereby preventing discoloration, (2) During obturation, the bonded surface might be contaminated with sealer remnants or saliva. It can be easily decontaminated by rinsing, drying and re-application of another coat of DBA prior to access filling. Differences in the adhesive properties of root canal sealer remnants to the bonded surface may be expected due to variation in their chemical composition, the surface energy of the bonded surface, the surface tension of the sealer, wetting ability and the cleanliness of the bonded surface.

In the present study based on the multiple comparisons within the sealer groups \[[Table 3](#T3){ref-type="table"}\] where no DBA was applied, it can be inferred that all root canal sealers tested potentially discolored tooth structure to varying degrees. Discoloration potential of the tested sealers can be summarized as Z. O. B seal \> Zical \> MTA Fillapex \> Sealapex. This finding is consistent with previous research done Ioannidis K who compared MTA based sealers and Zinc oxide eugenol (ZnoE) based sealers and concluded that Roth 811, ZnoE-based sealer induced severe coronal discoloration in comparison with MTA Fillapex.\[[@ref4]\] The varied discoloration potential of the tested sealers is attributed to the compositional changes of the sealers.\[[@ref1]\] The sealers which contained ZnoE which are Z. O. B Seal and Zical showed greater discoloration compared to others probably due to the Free or even bound eugenol changes chemically (oxidizes) and darkened with time.\[[@ref6]\] Compared to Sealapex, MTA Fillapex showed greater discoloration potential which may be due to the fact that MTA Fillapex contains a trace amount of iron (0.0260 mg/kg) which has the potential of staining the tooth and bismuth oxide gets destabilized to bismuth carbonate which is light sensitive and results in tooth discoloration over a period.\[[@ref25]\]

In the present study, coronal discoloration caused by root canal sealers progressed in a time-dependent manner consistent with the previous research.\[[@ref1][@ref2][@ref4]\] The reason for this might be due to the inherent composition of individual sealers, which undergo certain chemical change leading to discoloration and as the time progresses further chemical reaction and seepage of discolorants lead to more discoloration.

Limitation {#sec2-7}
----------

The digital images analysis method used in this study still needs to be validated against the spectrophotometric method for its reliability in the measurement of tooth discolorationPotential minor inaccuracies in standardization due to compositional changes of tooth structure in the pulp chamber in different samples.

Clinical implication {#sec2-8}
--------------------

Routine application of DBA to the walls of the chamber as a preventive measure before commencing obturation may be recommended. So even minor traces of sealer remnants which are left behind accidentally during or after obturation might not cause coronal discoloration.

CONCLUSION {#sec1-5}
==========

Root canal sealer remnants regardless of their type cause intrinsic staining of teeth and the discoloration progresses in a time-dependent manner. DBAs applied to the dentinal walls of the pulp chamber before obturation can effectively reduce the sealer-induced coronal discoloration. Further *in vivo* studies are to be conducted to validate the results of this laboratory research.
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